A 70-year-old man with insulinoma-associated antigen-2 autoantibodies developed diabetes mellitus (DM) without ketoacidosis after starting nivolumab to treat advanced gastric cancer. He subsequently exhibited preserved insulin-secretion capacity for over one year. Immune checkpoint inhibitors (ICIs) infrequently cause type 1 DM associated with the rapid loss of insulin secretion and ketoacidosis as an immune-related adverse event. ICIs may also cause non-insulin-dependent DM by inducing insulin resistance if there is islet autoantibody-related latent beta-cell dysfunction. The present case highlights the importance of testing blood glucose levels regularly to diagnose DM in patients treated with ICIs, even if they do not have diabetic ketoacidosis.
Introduction
Immune checkpoint inhibitors (ICIs) are a promising new class of anticancer drug (1) . The clinical benefits afforded by ICIs can be accompanied by immune-related adverse events (IRAEs) that affect multiple organs, mainly the skin, gut, liver, lung, and endocrine tissues (2) . Common endocrine IRAEs include thyroiditis and hypophysitis, while uncommon IRAEs include adrenalitis and type 1 diabetes mellitus (T1D) (3) .
T1D is a heterogeneous, metabolic disease characterized by an immune-mediated progressive destruction of pancreatic beta cells, usually leading to insulin deficiency (4) . Patients with T1D, including those with ICI-related T1D, often exhibit circulating autoantibodies against islet antigens, such as glutamic acid decarboxylase autoantibodies (GADA) and insulinoma-associated antigen-2 autoantibodies ( IA-2 Ab) (5, 6) . The rate of beta-cell destruction in patients with spontaneous T1D varies widely from case to case (4) , whereas almost all previously reported patients with ICIrelated T1D exhibited rapid loss of insulin secretion within days or weeks and then presented with acute severe hyperglycemia and diabetic ketoacidosis (DKA) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . The time from ICI administration to the T1D onset varies from case to case, ranging from within two weeks to greater than one year. In addition to inducing rapid-onset T1D, ICI therapy may impair glucose metabolism by inducing insulin resistance associated with increased levels of circulating inflammatory markers (16) . ICI therapy compromises glycemic control in patients with pre-existing type 2 diabetes mellitus (T2D) (6) and induces an increase in HbA1c levels in non-diabetic individuals (17) .
We herein report an unusual case of an IA-2Ab-positive patient who developed non-insulin dependent DM without DKA shortly after starting ICI therapy with a programmed death-1 inhibitor nivolumab.
Case Report
A 70-year-old Japanese man with advanced gastric cancer was admitted to our hospital in February 2018 because of hyperglycemia 2 weeks after initiation of nivolumab therapy. He had a family history of T2D in his mother and his maternal aunt and uncle. The patient had never smoked and had no regular drinking habit. He had been diagnosed with essential hypertension and dyslipidemia at 64 years of age and started antihypertensive and anti-lipid medication. He had never been obese. His body weight (BW) had been 55 kg when he was 20 years old and remained around 58 kg from the age of 25 to 67 years old, until May 2015, when he developed fatigue and loss of appetite.
The patient visited his primary care doctor in August 2015, presenting with a marked BW loss (10 kg), low blood pressure, low serum cholesterol levels, and anemia. He discontinued antihypertensive and anti-lipid medications and was examined by the Department of Gastroenterology and Hepatology at our hospital the next day. An endoscopic examination revealed type 2 advanced cancer (18) at the antrum of the stomach. Computed tomography (CT) showed multiple swollen lymph nodes at the pyloric region, hepatoduodenal ligament, common hepatic artery, and the left gastric artery. The patient underwent distal gastrectomy with extended (D2) lymph-node dissection and Billroth II reconstruction (19) in September 2015. The histopathological features of the resected gastric cancer were consistent with those of differentiated tubular adenocarcinoma. His postoperative disease status was classified as stage IIIC (T4aN3M 0) according to a gastric cancer staging system (18) .
The patient had no disease progression during 9 courses (4 weeks each) of postoperative adjuvant therapy with 100 mg/day of an oral fluoropyrimidine anti-cancer agent, S-1, from December 2015 to November 2016 ( Figure) . However, CT performed in December 2016 revealed the appearance of hepatic hilar lymph node metastasis. He therefore underwent 7 courses of chemotherapy (100 mg/day S-1 for 2 weeks in combination with 150 mg oxaliplatin on day 1, every 3 weeks) (SOX regimen) from January 2017 to May 2017, which controlled his disease but was discontinued because of bone marrow suppression. As the resected tumor had overexpressed human epidermal growth factor receptor 2 (HER2), he underwent combination chemotherapy with weekly application of 80 mg paclitaxel (on days 1, 8, and 15, every 4 weeks) and tri-weekly application of 290 mg trastuzumab from June 2017 to December 2017.
CT performed in December 2017 showed enlarged hepatic hilar lymph node metastasis. The patient began third-line chemotherapy with 3 mg/kg nivolumab (145 mg) every 2 weeks in late January 2018. However, a blood test of samples obtained 2 hours after breakfast 2 weeks after the first administration of nivolumab revealed high postprandial plasma glucose (PPG) level (328 mg/dL) and glycated hemoglobin (HbA1c) (6.4%) ( Table 1 ). The postprandial levels of serum C-peptide immunoreactivity (S-CPR) (6.5 ng/mL) and immunoreactive insulin (IRI) (74.0 μU/mL) were also high. The serum levels of acetoacetate (4 μmol/L) and 3hydroxybutyrate (10 μmol/L) were normal, and a urinalysis was negative for ketone bodies. The patient was referred and admitted to the Department of Endocrinology and Metabolism of our hospital the same day.
Upon admission, the patient had no noticeable hyperglycemic symptoms, such as thirst or polydipsia. The patient's height and BW were 168 cm and 48 kg, respectively, for a body mass index of 17.0 kg/m 2 . His body temperature, blood pressure, and pulse rate were 36.4 , 126/67 mmHg, and 108 beats/min, respectively. The patient did not exhibit thyromegaly, superficial swollen lymph nodes in the neck or inguinal region, chest rales, heart murmurs, abdominal tenderness, or peripheral edema. Funduscopy detected no diabetic retinopathy.
The 75-g oral glucose tolerance test (OGTT) ( Table 2) indicated a diagnosis of DM associated with impaired firstphase insulin secretion and postprandial hyperglycemia. The patient tested negative for islet autoantibodies, such as GADA (<5.0 IU/mL), islet cell antibodies (ICA) (a negative qualitative test result), insulin autoantibodies (<125.0 nU/ mL), and zinc transporter 8 autoantibodies (<15.0 U/mL), but tested positive for IA-2Ab (0.8 U/mL; reference range, <0.4 U/mL) (Cosmic, Tokyo, Japan).
The patient tested negative for other organ-specific autoantibodies, such as anti-nuclear antibody, pituitary autoantibody, thyroglobulin autoantibody (Tg-Ab), thyroidstimulating hormone binding inhibitor immunoglobulin (TBII), gastric parietal cell autoantibody, intrinsic factor autoantibody, and adrenocortical autoantibody, but tested positive for thyroid peroxidase autoantibody (TPO-Ab) (17.6 IU/mL; reference range, <16.0 IU/mL) (Roche Diagnostics, Tokyo, Japan). Blood chemistry revealed normal levels of serum free thyroxine (1.50 ng/dL) and thyroid-stimulating hormone (1.17 μIU/mL) ( Table 1 ). Ultrasonography of the thyroid gland showed a normal-sized thyroid gland with no abnormal echogenicity or a tumor.
Human leukocyte antigen (HLA) typing revealed the presence of A*02:07/31:01, B*35:01/46:01, and C*01:02/03:03 class I genes and DRB1*04:03/08:03, DQB1*03:02/06:01, The patient began insulin therapy (insulin lispro shortly before meals, 16 U/day) to correct postprandial hyperglycemia and was discharged on day 8 after admission.
A retrospective laboratory examination using frozenstored blood samples obtained from the patient in August 2015 showed a negative result on the TPO-Ab test (9.0 IU/ mL) but a positive result on the IA-2Ab test (0.8 U/mL; Figure) .
Abdominal CT performed in April 2018 after the sixth administration of nivolumab detected no abnormalities in the spleen, pancreas, or kidneys but revealed metastasis to the liver. The patient discontinued nivolumab therapy. He subsequently received 4 courses of chemotherapy with weekly irinotecan 150 mg (on days 1, 8, and 15, every 4 weeks) from May 2018 to September 2018.
The metastatic cancer progressed, and his appetite and body weight decreased; the amount of insulin required was reduced, and insulin therapy was discontinued in September 2018.
The patient did not consent to continuing the anticancer therapy after he reviewed the potential benefits and side effects and instead chose best supportive care. In terms of his DM, self-monitoring of blood glucose levels revealed fasting and 2-h PPG levels of approximately 100 and 290 mg/dL, respectively. A blood test of samples obtained 2 hours after breakfast in February 2019 revealed high levels of PPG (291 mg/dL), postprandial S-CPR (8.7 ng/mL), and postprandial serum IRI (57.8 μU/mL) (Figure) , indicating preservation of the endogenous insulin secretion capacity.
Discussion
An IA-2Ab-positive Japanese patient with advanced gastric cancer developed DM without DKA two weeks after initiation of nivolumab therapy. The 75-g OGTT revealed noninsulin-dependent DM associated with impaired first-phase insulin secretion and mild to moderate postprandial hyperglycemia ( Table 2) . Insulin therapy was initiated to correct the hyperglycemia. He subsequently exhibited a preserved insulin secretion capacity for more than one year (Figure) . To our knowledge, this is the first reported case of an islet autoantibody-positive patient with non-insulin-dependent DM induced by ICI therapy.
Islet autoantibodies are commonly present at the onset of T1D and persist for varying durations after onset (5) . Importantly, they precede the development of T1D by months to years. Several studies have also shown that the pre-existence The reference range for each parameter is shown in parentheses. The blood and urine samples were taken at 9 AM (2 h after breakfast). IRI: immunoreactive insulin, S-CPR: serum C-peptide immunoreactivity The patient had a low insulinogenic index (0.12; reference range: >0.40).
of islet autoantibodies, including IA-2Ab, is predictive of ICI-related T1D (7) (8) (9) (10) (11) . In the present case, the patient had exhibited circulating IA-2Ab 2.5 years earlier, and he developed DM shortly after initiation of nivolumab therapy, which he continued for 4 months (Figure) . However, there-after, he did not exhibit insulin deficiency for more than one year. It is therefore unlikely that our patient exhibited typical ICI-related T1D associated with the rapid loss of insulin secretion. Slowly progressive T1D (SPT1D) is a subtype of T1D recognized in Japan (20) and is related to latent autoimmune diabetes in adults (LADA) in other countries (21) . SPT1D is characterized by a gradual decrease in endogenous insulin secretion, the presence of islet autoantibodies, the absence of DKA at diabetes onset, and clinical features similar to those of T2D. The rate of decrease in insulin secretion varies from case to case, and many patients progress to insulin deficiency within 6 years after diabetes onset (20) ; however, some patients do not exhibit insulin deficiency even more than 10 years after DM onset because of extremely gradual or no decrease in insulin secretion capacity (22) . Most SPT1 D cases are GADA-positive, but GADA-negative/IA-2Abpositive patients have been reported (23, 24) ; these patients tended to exhibit better-preserved insulin secretion than did GADA-positive patients. On the other hand, it has been suggested that in addition to inducing rapid-onset T1D as an IRAE, ICI therapy impairs glucose metabolism by inducing insulin resistance associated with inflammatory responses (16) . ICI therapy induces an increase in HbA1c levels in non-diabetic individuals (17) but may not have any marked short-term impact on plasma glucose levels in such individuals (16) . In the present case, our patient exhibited IA-2Ab and had clinical features of T2D, such as a medical history of essential hypertension and dyslipidemia and a family history of T2D. He developed DM with postprandial hyperglycemia without DKA shortly after initiation of nivolumab, with no decrease in the endogenous insulin secretion capacity as observed by the lack of any reduction in S-CPR or IRI levels compare to those values 2.5 years earlier ( Figure) . He subsequently exhibited a preserved insulin secretion capacity for more than one year. Thus, our patient basically exhibited SPT1D triggered by ICI-induced insulin resistance against a background of pre-existing, IA-2Abrelated subclinical beta-cell dysfunction. ICI-related thyroiditis usually develops within weeks or months after starting ICI therapy, with or without the appearance of thyroid autoantibodies, such as Tg-Ab and TPO-Ab (25) . Patients often present with painless thyroiditis associated with transient thyrotoxicosis, followed by a rapid transition to hypothyroidism that requires long-term levothyroxine replacement therapy. Our patient developed TPO-Ab positivity shortly after initiation of nivolumab therapy. However, he did not exhibit abnormal thyroid hormone levels nor ultrasonographic findings suggestive of thyroiditis, and his TPO titers normalized after discontinuation of nivolumab (Figure) . These findings suggest that nivolumab generated transient thyroid autoimmunity without causing a clinically evident thyroid disorder.
In conclusion, we describe an IA-2Ab-positive patient who developed non-insulin-dependent DM associated with mild to moderate postprandial hyperglycemia shortly after initiation of nivolumab. Nivolumab therapy probably induced his DM by inducing insulin resistance against a background of pre-existing, IA-2Ab-related latent beta-cell dysfunction. The present case highlights the importance of testing plasma glucose levels (especially PPG levels) regularly to diagnose possible DM in patients treated with ICIs, even when such patients do not present with symptoms suggestive of severe hyperglycemia or DKA.
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